Protoplast fusion between different species of Streptomyces was performed using a liquid regeneration method developed for a rapid and simple preparation of the fusants. Consequently, new clones, which could not be obtained using the conventional agar regeneration method, were obtained. In the crosses between S. griseus and S. durhamensis, and between S. californicus and S. catenulae, eight and two recombinants, respectively, were obtained using the liquid regeneration method. Conversely, in the case of crosses between S. ornatus and S. catenulae, and between S. ornatus and S. vendargensis, seven recombinants each were obtained using only the agar method. The physiological characteristics, such as the assimilation of carbohydrate and antibiotic resistance, of these fusants differed considerably from those of their parental strains. Using the proposed liquid regeneration method, a simpler and quicker procedure for protoplast fusion is described.
INTRODUCTION
Recently, protoplast fusion technique has been used widely among interspecies or intergenetic microorganisms such as bacteria, 1 fungi, 2 yeasts, 3 and actinomycetes, 4 and a number of recombinants having different characteristics from those of their parents have been obtained. As method for improving the capabilities of microbes, the fusion technique has aroused a good deal of interest for breeding interspecific as well as intergenetic hybrids.
It is well known that Streptomyces produce a large variety of agriculturally and medically important antibiotics. There have been reports on the selection of novel antibiotic-producing clones using auxotrophic or antibiotic resistance markers after an interspecific cross between Streptomyces species. Okanishi et al. have reported that the recombinants obtained from several Streptomyces strains by these markers have a variety of characteristics that differ considerably from their parental strains. 5 Another aim of such fusions is to improve the production of novel hybrid antibiotics. Gomi and coworkers have obtained a novel antibiotic-producing recombinant between a streptomycin (SM)-producing strain (S. griseus SS-1198), which has the capability to resist SM, and an istamycin-producing strain (S. tenjimariensis SS-939), which has capability to resist kanamycin. 6 The chemical structure of the new antibiotic (indolizomycin) differs considerably from those of the parents. Thus, fusion is a powerful and promising technique for obtaining novel recombinants or antibiotics.
The present paper describes the isolation and characterization of fusants from different species of Streptomyces obtained using either the agar or liquid regeneration methods. Isolation and characterization of the interspecific fusants from Streptomycetes obtained using a liquid regeneration method same medium so as to obtain a stable and true recombinant.
MATERIALS AND METHODS

Microorganisms
Liquid medium method
A volume of 1 mL of the fusant suspension obtained previously as described in 'Protoplast formation and fusion', was inoculated into a 500-mL Erlenmeyer flask containing 100 mL of R1M liquid medium and then incubated at 27∞C for 2 weeks. After incubation, the culture was harvested by cenkindly supplied by Dr K. Hotta of the National Institute of Infectious Diseases. Other strains were obtained from the International Streptomyces Project (ISP) and maintained in the laboratory.
Protoplast formation and fusion
172F medium was used for the cultivation of microorganisms. 7 These cultures were harvested by centrifugation (12 500 ¥g, 15 min) after being incubated for 2-3 days at 27∞C and treated with polyethylene glycol (PEG) according to the method described in the literature. 5 Self-fusion experiments using five parental strains were also performed under the same conditions as those of the interspecific fusion experiment.
Regeneration of fusant strains from protoplasts
Agar medium method R1M medium was used for the regeneration of fusants and the regeneration culture was then incubated for 2 weeks at 27°C. 8 R1M medium without sucrose was also used for regeneration. The number of protoplasts was counted with a phase-contrast microscope using a PetroffHausser counting chamber. Colonies grown in the medium were counted, and the regeneration frequency was expressed as a percentage of the total number of protoplasts inoculated. All the colonies that developed on the plates after incubation for 2 weeks were replica-plated onto SAP-II agar 9 containing appropriate concentrations of antibiotics [SM or neomycin (NM)] and sugars (Raf or Xyl).
Each colony that developed on the selected medium was purified several times using the 396
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C Imada et al. , capable of using xylose. † Antibiotic activity was examined by the cup method using Bacillus subtilis PCI219 as the test organism after cultivation of each strain in the same conditions described in 'Incubation of the strains and examination of various physiological characteristics'.
+ + +, Diameter of halo > 20 mm; + +, 19 mm > diameter of halo > 15 mm; +, diameter of halo < 14 mm; -, no halo. trifugation (4700 ¥g, 10 min) and the residue was resuspended in 10 mL of fresh medium. An aliquot of 0.1 mL was spread onto the R1M medium in the same method as that described previously in the section 'Agar medium method'. The brief outline of these methods are summarized in Fig. 1 .
Use of carbohydrates, amino acids and inorganic nitrogen compounds by the parents and their fusant strains
Utilization of carbohydrates was examined using SAP-II agar containing different carbohydrates at a final concentration of 1%, and utilization of amino acids was also performed using the same medium, but without NH 4 
Antibiotic resistance(s) and NaCl tolerance by the parent and their fusant strains
Various antibiotics were added to the SAP-II medium at a final concentration of 5-250 mg/mL and the resistance(s) of the test organisms were determined. Also, NaCl tolerance was tested by using SAP-II medium containing 0.5% glucose and various concentrations of NaCl (0-10%).
Incubation of the strains and examination of various physiological characteristics
The parents and their fusant strains were precultured in a medium containing 2% soluble starch, 1% glucose, 0.5% Bacto-yeast extract (Difco, Detroit, MI, USA), pH 7.0, with shaking (160 r.p.m) at 27∞C for 3 days. Then, one loopful of the preculture was streaked onto each plate and they were incubated for another 2 weeks. After incubation, growth of the strains was divided into four levels based on their growth, as shown in Tables 3a-5c . Using the liquid medium method, for the crosses between S. griseus with S. durhamensis, S. californicus with S. catenulae, S. catenulae with S. ornatus, and S. ornatus with S. vendargensis, 34, 12, one, and 35 clones, respectively, were obtained. However, the number of clones declined to eight, two, none, and none, respectively, after more than three successive purifications.
RESULTS
Recombinants
In the case of self-fusion of these parental strains, no positive colonies were obtained from any of the parents. griseus and S. durhamensis, and between S. californicus and S. catenulae, no recombinant clones were obtained using the agar medium method. In the case of crosses between S. catenulae and S. ornatus, and between S. ornatus and S. vendargensis, 20 and 29 clones with a regeneration frequency of 0.39% and 1.39%, respectively, were obtained. However, because the number of clones declined to seven after more than three successive purifications, the residual clones selected were true recombinants. 
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Physiological and biochemical characteristics of the parents and their fusant strains
Streptomyces griseus ¥ Streptomyces durhamensis
All fusants showed S. griseus-type morphological characteristics. Utilization of Tyr and inositol was of the type S. griseus, and novel-type utilization for lactose, sucrose and treharose was also observed in this cross (Table 3a -c).
Streptomyces californicus ¥ Streptomyces catenulae
When these two strains were crossed, only two fusants could be obtained. The strains showed morphological characteristics of the type S. californicus, as well as in their utilization patterns for inorganic nitrogen, amino acids and sugars (Table 4a -c).
Protoplast fusion strains. All of the fusants utilized Met and raffinose (S. catenulae type), but they did not utilize sucrose or Tyr (S. ornatus type). Moreover, in the case of antibiotic resistance, the parental type and intermediate type were observed. Of particular interest was that clones with a high resistance to antibiotics such as gentamicin (GM) were also isolated in this cross.
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Streptomyces catenulae ¥ Streptomyces ornatus
As shown in Table 5a -c, almost all of the recombinants exhibited morphological characteristics of the type S. ornatus, as well as in their utilization pattern for inorganic nitrogen and NaCl tolerance. In contrast, the utilization patterns of sugars and amino acids differed considerably from the fusant 400
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DISCUSSION
In the present study, protoplast fusion between different species of Streptomyces was performed using a liquid regeneration method developed as a rapid and simple preparation of fusants. Consequently, recombinants that could not be isolated using the conventional agar regeneration method were obtained. Despite fusions between very different species, a high variety of hybrid characteristics was detected in their recombinants. Compared with the agar method, the liquid method was simpler and more convenient and could be applied to a large variety of microorganisms. In the present study, the replica plate method was used to select recombinants. Auxotrophic and antibiotic resistance markers have been used to select recombinants. Because each colony grown using the replica method might have consisted of a mixture of het- 
Streptomyces ornatus ¥ Streptomyces vendargensis
As shown in Table 6a -c, all the recombinants showed morphological characteristics of erokaryons and heterogenotes, which have no genetic cross in their chromosomal DNA, 10 more than three successive purifications might have removed any heterokaryotic or heterogenotic colonies. These results suggest that interspecific gene transfer takes place through protoplast fusion and that the fusants obtained are true recombinants.
Further studies on southern hybridization of recombinant DNA probes with parental DNA and an assessment of the productivity of the antibiotics are presently underway.
